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(g) Method and apparatus for zero-calibration of a spectroscopy system. 

@ A Raman spectroscopy system and method 

for detennining a zero-calibration level. A gas 

sample chamber (54) is located within a reson- 
ant cavity. A light source (22) is located to cause 

light to be incident on the gas sample, the light 

resonates in the resonant cavity. Typically, the 

light source and resonator cavity in conjunction 

form a laser source which propagates coherent 

monochromatic laser light energy through the 

gas sample. This causes Raman scattering from 

the gases constituent in the gas sample. The 

amount of Raman scattered light is measured at 

detectors (72) along with light due to dark noise 

inherent in the detectors and glow from the 

laser source, i.e., light at wavelengths other 

than the laser light wavelength produced by the 

laser source. The resonator cavity is obstructed, 

via a ball (380) inserted into the path of the laser 

beam for example, to prevent resonance. If the 

light source and resonant cavity in conjunction 

form a laser, prevention of resonance causes 

cessation of lasing. Thus, substantially no 

Raman scattering occurs and detectors meas- 
ure light due primarily to backgre>und noise. 

The origin of the measurement scale for the 

detectors may then be set at the measured 
! intensity, i.e., a zero-calibration level for the 
! detectors may be determined. 
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m 




Jouve, 18. rue SaintOenis. 75001 PARIS 



WSDOCID: <EP 0ei8*42A1_l. 



EP 0 618 442 A1 



The present invention relates to an improved spectroscopy system IVIore soecif icaliv the nroc»„f • 

though both effects may be observed, at room tenrtperatures the StDkes Rarnan 

fsCSy^;™^^^^^^^^^^^^ 

' mole^^I^s in" ^"f °^ '"^'^"^'^^ <I"antized. forcing photons to exchange energy with 

Txr.! J, ! f gas molecules require different amounts of energy from a photon to 

exc.te mo ecules to a higher rotational/vibrational mode. Thus, the amount of energy neceslaryTexdte a ois 
molecule to a higher mode is characteristic of the type of molecule The chanoe in thrnhnw!ri! ^ 
caused by Inelastic scattering corresponds to the ambunt of ene^y itt^y the p^^^^^^^^ in be usIZS^ 

o„ «P««^°s^Py syste'Tis typically comprise a laser which directs intense. monochmrtS lioht ^n- 

aTa^rgedX^hT^a^s'^Tf^'-^^^^^^^ 

In.^^ f ^'^ *° '^''^'^^ ^^""^^ ^'^"^^^'^ «"«^gy- Filters remove elasti Jly scattered 

wavelength of expected Raman scattered energy, or a different Raman line, are placed in fLt of d fferen 
detectors. As many detectors may be util^ed as there are expected Raman lines. U.S. Patem n1 l yw 4^ 
S^ffere^RaZ Nne'sas'^'t T T ^'--^h^ely. a rotating filter which pa^tS 

nl rr, 'i'"^" ^^rt ™t^tes may be employed with a single detector. U.S. Patent No. Re. 34.153 to Be^ 

responds to thTcrn^t fT'' '''T"' "^'^ °^ ^^'^^ - ^-'^ d fe Jor i^I 

responds to the concentration of the gas which created the particular Raman line. 

Preferably, the spectrometer is a Raman spectrometer. 

A laser having a light source and a laser resonator cavitv cause«s laeer linM ♦« k«. -.^^ m . 
Which is contained within a resonant cavity, for exampTe t^e^aser ri^n^^^^^^ ^ gas sample 

geously Placed around the gas sample to receh^e sSlJ^red eneTy. " 

in one embodiment, an obstruction is placed in the laser resonator cavity which orevents the la«»r fr«.« 
asmg but which does not obstruct the plasma glow emitted from the lasertube W^S^S^S^ tten^ faser S 

nartly due to plasma glow from the light source and daric noise inherent in the detecS^ Sius a ze^' 
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purpose. The laser source is energized and the signal at the detectors is measured. As discussed previously, 
filters remove light at the laser wavelength and argon gas does not cause Raman scattering. Thus, the intensity 
measured at the photodetectors is primarily due to plasma glow from the laser source and photodetector dark 
noise. The zero-calibration level is set at the value of the background thus measured. 

Additionally, the means for altering the optical characteristics may further comprise a blocldng device 
which intercepts the light resonating in the cavity and prevents the light from circulating within the cavity. In 
some embodiments, the resonant cavity further comprises first and second end reflectors. In this embodiment, 
the means for altering the optical characteristics further comprises a blocking device which intercepts the light 
prior to reaching one of the first and second end reflectors. The light source may further comprise a plasma 
tube. Additionally, the resonant cavity may further comprise a gas sample region for containing a gas sample 
within the resonant cavity. 

According to a further aspect of the present invention a method for calibrating an electromagnetic spectr- 
ometer having an electromagnetic resonant cavity comprises the steps of: altering the electromagnetic char- 
acteristics of the resonant cavity so that it is substantially nonresonant; and deriving a background signal level 
from the substantially nonresonant cavity. 

Additionally, the step of altering the electromagnetic characteristics of the resonant cavity may further 
comprise the step of substantially eliminating the production of predetenmined spectroscopy signals, leaving 
only background and/or noise signals. In many embodiments, the electromagnetic spectrometer comprises a 
Raman spectrometer. In this method, the step of altering the electromagnetic characteristics of the resonant 
cavity may further include the step of reflecting electromagnetic signals. Alternatively, the step of altering the 
electromagnetic characteristics of the resonant cavity may further comprise the step of absorbing electromag- 
netic signals, or diffracting electromagnetic signals or refracting electromagnetic signals. 

Embodiments of the invention will now be described, by way of example, reference being made to the Fig- 
ures of the accompanying diagrammatic drawings in which:- 

Figure 1 shows a plan view of a schematic representation of a Raman spectroscopy system of the present 
invention. 

Figure 2 shows a side view of the schematic representation of a Raman spectroscopy system shown in 
Figure 1. . 

Figure 3 shows a plan view of one type of Raman spectroscopy system of the present invention wherein 
a gas sample is located within a laser resonator 

Figure 4a shows a perspective view of a gas sample cell used in a Raman spectroscopy system. 

Figure 4b shows a cross sectional view through the gas sample cell shown in Figure 4a. 

Figure 5 shows a sectional view of a second type of Raman spectroscopy system of the present invention 
wherein a gas sample is located within a laser resonator cavity. 

Figure 6 shows a schematic diagram of a complete laser-activated Raman scattering system which incor- 
porates the present invention. 

Figure 7 illustrates, in an argon gas calibration system, the flow of gas through a gas analysis cell and 
associated control valves while sampling and measuring a sample gas. 

Figure 8 illustrates, in an argon gas calibration system, the flow of gas through a gas analysis cell and 
associated control valves while performing an argon background calibration. 

Figure 9 illustrates, in an argon gas calibration system, the flow of gas through a gas analysis cell and 
associated control valves while performing a room air calibration. 

Figure 1 0 illustrates, in a beam blocker calibration system, the flow of gas through a gas analysis cell and 
associated control valves while sampling and measuring a sample gas. 

Figure 11 illustrates, in a beam blocker calibration system, the flow of gas through a gas analysis cell and 
associated control valves while purging the water trap. 

Figure 12 illustrates, in a beam blocker calibration system, the flow of gas through a gas analysis cell and 
associated control valves while perfonming a zero background calibration. 

Figure 13 illustrates, in a beam blocker calibration system, the flow of gas through a gas analysis cell and 
associated control valves while performing a room air calibration. 

Raman spectroscopy relies on the inelastic scattering of light from polyatomic gas molecules via energy 
exchange between photons and vibrational/rotational modes of the molecules. When light is made incident on 
a sample of gas, photons are caused to collide with at least some of the gas molecules in the sample. The 
photon may gain or lose energy in the amount of a quantized rotational/vibrational mode of a molecule. Such 
a gain or loss results in a shift in the frequency of the scattered photon from the frequency of the incident 
photon. Correspondingly, the wavelength of the scattered photon also shifts. Statistically, at low temperatures, 
more photons lose energy to the gas molecules, causing a more intense Raman scattered signal at longer light 
wavelengths than the incident light. By comparing frequency shifts caused in a sample of gas to known f re- 
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anism 22. positioned to cause the [irhVi^Tc.^ ^ adjacenta second end 34 of the gain mech- 

0 collimators may not be necessar^htels often^hrcTse w^^^^^^^ ^ '""^"""^ '^""'^ the 

laser plasma tube 22 c! fhlm ^JS, aJer is^^r^r ^Tl'T '° "^^^^ 
Charge tube 38 containi a mtu^irulTh^^^^^^^ '''^-e 3. except that the plasma dis- 

second ml,™ 30. Two altemaiv. s.malr,s mayU SovS T"^'™ 
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as it travels through the central chamber 156. The central chamber 156 is typically aligned having its longitu- 
dinal axis generally parallel to the laser beam 32. Both ends of the sample chamber 156 are formed having 
Brewster windows 158 and 160. aligned so as to cause a predetermined polarization of laser light to pass. It 
will be understood that other shapes and sizes for the central chamber 156 may be advantageously utilized 
5 in the present invention. 

Sample gas is drawn into and out of the central chamber 156 via an inlet tube 162 and an outlet tube 164, 
respectively. A flovmieter (not shown) is connected to the outlet 164 from the central chamber 156. If, for ex- 
ample, the inlet 162 or outlet 164 becomes clogged, the flow through the central chamber 156 will drop. The 
flowmeter monitors the flow of the sample gas and alerts a user if the flow of the sample gas has dropped 
10 below a predetermined level. 

Raman scattered light passes through apertures or windows in the walls of the central chamber 156 into 
channels 1 66a through 1 66h, referred to herein collectively as channels 1 66. Side windows 1 68a through 168h, 
referred to herein collectively as windows 1 68, are mounted along the sides of the gas sample chamber 154. 
These side windows 168 may either be continuous along the length of the sample chamber 154 or they may 
15 be discrete windows mounted at the ends of the channels 1 66. The side windows 1 68 transmit Raman scattered 
light. Thus, the windows 168 may advantageously have a high efficiency broadband anti-reflection coating 
which passes a large percentage of the light having waivelengths in the range of expected Raman scattering 
without substantial reflection of energy back into the central chamber 1 56. The side windows 1 68 may be coat- 
ed with a V-band dielectric coating to reject elastically scattered laser wavelength light. 
20 Figure 5 is a side view of an embodiment of a Raman spectroscopy system having a sample chamber, 

labelled 254 herein, created by flow of a fluid at the ends of the chamber. Typically, the fluid is air which does 
not interfere with measurement of Raman scattered light from the gas sample since it does not enter the ana- 
lysis chamber. Systems of thfe type are described in Application Serial No. 07/522,533 filed May 11, 1990. by 
Scott D. Miles, issued as U.S. Patent No. 5,153,671 and Application Serial No. 07/771,625 filed October 4, 
25 1991, by S.D. Miles, et al., issued as U.S. Patent No. 5.135,304, both patents hereby incorporated herein by 
reference. The chamber 254 comprises a housing 255 enclosing a central chamber 256 having buffer regions 
258 and 260 at each end formed of the inert gas. Channels 266a through 266h (only four are shown), referred 
to herein as 266, for catching Raman scattered light are formed adjacent the central chamber 256, similar to 
the channels 166 in the above described enclosed sample chamber 154. 
30 A first buffer gas inlet port 270 is located adjacent the second mirror 30, within the laser resonator cavity 

24. It will be noted that, in this embodiment of an air dam- type sample chamber 254, the second mirror 30 is 
mounted off the axis of the laser beam 32 and a Brewster prism 272 is used to direct the laser light towards 
the second mirror 30. The Brewster prism 272 is aligned such that its angular orientation with respect to the 
laser beam 32 advantageously selects the wavelength of light for which the resonant cavity 24 provides opti- 
35 mum laser gain at a predetermined wavelength. It will additionally be noted that only the Brewster stub 23 of 
the laser plasma tube 22 is shown in Figure 5 and the remainder of the Raman spectroscopy system, including 
the first mirror 26 Of the laser resonator cavity, is not shown. A second buffer gas inlet port 274 is connected 
to the first buffer gas inlet port and is located adjacent the Brewster window 52b of the laser plasma tube 22. 
Asample gas inlet port 276 is located at approximately the center of the central chamber 256. In addition, outlet 
40 ports 278 and 280 are located intenmediate the buffer gas inlet ports 270 and 274 and the sample gas inlet 
port 276. 

Buffer gas is introduced into the ends of the sample chamber 256 at the first buffer gas inlet port 270 and 
directed past the second mirror 30 and toward the central portion of chamber 256. Buffer gas is also introduced 
into the end of sample chamber 256 at the second buffer gas inlet port 274 and directed past the Brewster 
45 window 52b of the laser plasma tube 23 toward the central portion of chamber 256. The sample of gas to be 
analyzed is introduced into the central portion of the chamber 256 through the sample gas inlet port 276. Near 
the outlet ports 278 and 280. the buffer gas and the sample gas mix. The mixture then exits the sample chanrv 
ber 256 through the outlet ports 278 and 280. Thus, flow of the buffer gas through the sample chamber 256 
forms a "dam" which constrains the gas sample to the portion of the sample chamber 256 located intermediate 
50 the outlet ports 278 and 280. Such flow typically creates a region of sub-ambient pressure within the sample 
chamber. In addition, the flow removes used sample gas to allow new samples to be input for analysis. 

Raman scattered light is passed through side windows (not shown) into the channels 266a-h. As in the 
enclosed gas sample chamber embodiment 154, these side windows may either be continuous along the length 
of the artificial chamber 256 or they may be discrete windows mounted at the ends of the channels 266. Again. 
S5 the side windows may advantageously be coated with a high efficiency broadband anti-reflection coating 
and/or a V-band dielectric coating to reject laser wavelength light 

Referring again to Figures 1 and 2. a plurality of detection channels 70a through 70g. refen-ed to herein 
as 70. are arranged about the gas sample chamber 54. It will be understood that either type of gas sample 

5 
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Dle^aml?^ aj^antageously be utilized when referring to the schematically illustrated gas sam- 

SSsl^n r^K Z'"^^'' '° «^ are positioned within the detectton <?at 

r?LlV\T ^ ^'^^^^ 9^^^ sa^iPfe '*a'"ber 54. Typically thrdetertfon 

channels 70 are aligned perpendicular to the light beam 32 yP'ca»y. me detection 

' inten'^.mpH ^ """^'"^ P'"'"" °' photocurrent electronics, such as a photodiode an 

nvln?n P T^' ^ ''"^'^^ '^"""'^ °^ ^ Photomultiplier tube, may be employed in^e ^ient 

- --rstoodUthis i^Lrx^ 

0 plech?mS1^atI^^^'?n'^'?f^^^^^^ 

mL s!To. „ ' ^"'^ ''0'' a"** 70f. Alternatively, a single channel 70b 

Sh wis sSt^t^rr^l''^ "^ "^^"^^ 70b to r^JilL^lig^t 

^n^nT^ . ^ '^'^'^ detection channel 70b. Minor 70g may be either 

beam 32 without a corresponding channel on the opposite side of the beam 32 
5 Figure 6 shows a schematic diagram of a complete laser-activated Raman scatterinq system which incor 

ZTn T'T" " """''^"^ ''^^^"^ '"-"«on. Channels 166^ gTsaCe c^^^^^^^ 

are generaNy aligned with detection channels 70. Laser light Raman scattered from gas wXn chamber lS 
raverses through channels 70 and onto detectors 72. Alternatively, optics 1 70 v^S^ iTe^Rrn^n s«t er^ 

» fs ZX n^^'VzT::^^^^^^ ^""^ advantageously util^edfn2~n. 

itjtj. I ypically, filters 172, 174 are placed between each detector 72 and the laser beam to remove enerav at 

cidJon .h T f '"'^"^^ "9^^ 9«"«^"y a Single wavelengm ^11 be in- 

parcL^ar o." T T energy modes are quantized when a photon^WteJ a 

particular gas. the energy exchange will be quantized. The quantization is soecies soerif ir i p „ T 

wavelength shift, of scattered photons, it is possible to identify the type of gas which a photon has s mi 
sertJnX oua"t3eTr"*'^^^^^ 

:::;:::s::Ter^ 

•frequency 2°HoL:r*2^^^^^ by comparing the measured frequency shift to a known 

wh2^ nin^ .li^ T' ^" '^"^""^ ^ '^'9^ number of comparisons before determining 

Z particular f^quency shift in photons incident at the laser wavelength. Thus, the ZstT- 

assumn ^ ^7 " *° ^'"°"9 ^ predetermined group. Thisfs usually an aerate 

assumption since the source of a gas sample is often known to produce only certain cases Filter., f^^ih 

ai' Sib, ''^'^'^'T' 'T' '^-^ 3?an7arman7det?ctor;iI: 

t^e i" H w ? ■ ^^""^ ^"^ ''^'^'^'"^ 72 combination is dedicated to sensing one 

rtvl of .H ? 1 1° T'"^ "^"^""^ '^^"9 their frequency shifted a known amount determinL !y 
Setec^or 72 "7"^^ *° "•'"Paring the signals measured at eachTedi^ 

olasm» t ^ T^K P'^T^'^' *° "9*'*' '^^^g^'" mechanisms 22. such aith^S; 

^mn^r H 'aser discussed herein, often emit light at non-lasing wavelengths whirdoernot qe 

light IS called glow or plasma glow and may create noise in the measured signal Some of thfe liahTrntaM 
at wavelengths within the band of one of the intermediate filters arranged to t^nsmTpaS^te^^^?^^^^^^ 
ndS™ " 'T"' """'^ '^"^^ «'9na. at that line to er^'e^Sy'^p^^mo^^^^^^^^^^ 

md.cat.ng a greater concentration of a particular gas than is actually present in the sLple. i.e Tdlgmund 

Another source of background noise in the measured signal is inherent photodetector 72 dark noise or 
dar^current. Dark noise is due torandom thermal excitation of electrons within Setector 72 as wefas exSon 

t:^~j::z:T''''' ^— " ^ — - bSg^rr 

Background nofee due to both the photodetector 72 dark noise and plasma glow should be removed from 
rsli'i;:!;'""'' ^^^^^^^^^f ^''-^'^^^ -mattering intensity measurements. Azerc>L"b^on eTS 

LttZZt^Jr^y^''''^'^'^^"'' '^"^ °"9'" intensity measurement s^le fs 

to 0?.™! ^. ^J^^'^" essentially removing from the measurement the background noteTdue 

S^^^inrti^ o?f f K ^^"^'^^^ ^ ^""^^^ ^« ambient rght 

Determ.nat.on of the zero-cal.brabon level is performed in the present im^ention by preventfng the laser 
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from lasing without terminating transmission of light into the sample chamber 54 from the laser plasma tube 
22. This is acxjomplished via the introduction of losses into the resonator cavity 24, i.e., degrading the "Q" of 
the cavity, thus reducing and ultimately preventing lasing action. The resultant signal is then measured at the 
detectors is then measured as the background level. 

By preventing lasing but allowing both the laser plasma tube 22 and each detector 72 to function at the 
same level as when laser gain is permitted, both plasma glow and dark noise are still measured at each detector 
72. The signal level seen by each detector 72 under these circumstances is very similar to the signal level that 
each detector 72 would see when the laser is lasing and the concentration of the gas to be analyzed in the 
sample chamber 54 is zero. However, any gas may be located in the sample chamber 54 without diminishing 
the accuracy of the zero-calibration. Thus, the sample gas need not be absent from the sample chamber for 
this type of zero-calibration. 

Several methods and apparatuses according to the present invention exist for preventing lasing while the 
laser plasma tube 22 is operating and transmitting light into the sample chamber 54. Refemng back to Figures 
1 and 2, a polypropylene (or other material) ball 380 is introduced into the path of the laser beam 32. This pre- 
vents reflection of light from the second mirror 30 of the laser resonator cavity 24, interrupting the feedback 
which leads to lasing. Since the laser plasma tube 22 is still operating, photons are still emitted towards the 
gas sample. Thus, although the ball 380 prevents laser feedback, light due to plasma glow will be as intense 
in the absence of laser light as it is when the laser is lasing. Additionally, light due to dark noise will be measured 
at each photodetector 70. Elastic scattered light from the laser is rejected by the filters and can be ignored, 
so the light which is not generated by Raman scattering is thus measured, allowing a zero-callbratton level to 
be determined. 

The ball 380 is pneumatically inserted into the path of the laser beam 32 from a recessed cavity 382. as 
shown in the side view of Figures 2 and 5, via air pressure. When an enclosed gas sample chamber 154 is 
employed in the Raman spectroscopy system, as shown in Figure 6, a valve 390 located adjacent the ball 380, 
is opened, allowing a pump 392 to force air to be incident on the bail 380. The force thus created on the ball 
380 causes the ball 380 to leave the cavity 382 and enter far enough into the path of the laser beam 32 to 
prevent lasing. As long as the pump 392 is active at a suitable pressure, the ball 380 remains suspended In 
the path of the laser beam 32. Air used to suspend the ball 380 does not affect either the gas sample enclosed 
in the central chamber 156 of the gas sample chamber 154 or the lasing gas enclosed in the plasma discharge 
tube 38. 

Alternatively, when the sample chamber utilizes buffer gas flow, as shown in Figure S. a valve 400 located 
adjacent the ball 380, is opened, allowing air at ambient pressure to be incident on a portion of the ball 380. 
Because the sample chamber 256 is at a sub-ambient pressure, the air at ambient pressure creates a force 
on the ball 380 and causes the ball 380 to be sucked into the buffer region 258. As long as the valve 400 is 
open, the ball 380 will remain suspended in the path of the laser beam 32, thereby preventing lasing. 

The ball 380 could alternatively be inserted into the path of the laser beam 32 via mechanical means such 
as an automatically or manually operated lever (not shown). 

Although a ball 380 inserted into the path of the laser beam 32 has been described herein, many other 
methods for preventing lasing will be obvious to those ski tied in the art. For example, any type of suitable object 
may be inserted into the path of the laser beam 32 via different methods, induding but not limited to a pump, 
automatic levers, or even manual means. Another way to prevent lasing while the plasma tube 22 is operational 
is to locate a mechanical device such as a shutter, closeable iris or plate having a hole such that the laser beam 
can pass when the device is in an initial position and cannot pass when the device is in another position which 
obstructs the lightfrom reaching one of the mirrors 26 or 30 that make up the resonator cavity 24. For example, 
when the shutter is open, normal laser gain will occur. However, when the shutter is dosed, the resonant cavity 
24 will be inten^pted and light will not be reflected back and forth between the resonant cavity min-ors 26 and 
30 for laser gain. With the shutter closed, only negligible Raman scattering will occur and the zero-calibration 
level for light from sources other than Raman scattering may be determined. 

A further way to prevent lasing while the plasma tube 22 is operational is to tilt one of the mirrors 26 or 
30 at the end of the resonator cavity 24. Tilting the mirror destroys the feedback thus preventing lasing action. 
Misalignment could be performed mechanically by mounting one mirror on a piezo-electric crystal which moves 
when electrically stimulated. However, this method requires that the mirror 26 or 30 be carefully realigned after 
calibration to again allow lasing. 

Other methods to prevent lasing include a piezoelectric shutter, located within the laser resonator cavity 
24 similarly to the pneumatic ball 380, which moves into the path of the laser beam upon an electric impetus, 
and thereby blocks the light beam 32. Alternatively, lasing could be suppressed by activating an electromag- 
netic coil and thereby creating a magnetic field along the axis of the electromagnetic coil which causes a per- 
manent magnet or magnetic material such as steel or iron, located within the field of the electromagnetic coil 
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of.ightreflctedwnhin the laser 

laser gain is to inflate a balloon such that it exoLds il fh» if k 1 ' °^ interrupting 

to destroy laser gain is to oause rbimetLl irelemt^ ^^^^ ^^'^^ ""^^ implementation 

the laser beam 32. These alternative ^e^cSro^^^^^^^^ *° P^'^^ °^ 

tended to limit the present invention P^«vent.ng las.ng are meant to be illustrative and are not in- 

the gas flows for a zero calibration trchnkjue wS^^ 13 illustrate 

cavity. In Figures 7-13. gas Si 454 Is Tn air dam or ZT ''^ "'"^'"""^ ^vithin the 

Figure 5. The laser source and doctors haTe been o'f'^^ "' '"""^^ *° detail in 

understood that these features ar:™iraX^^^^^^ 

470. 474 are filters 500a Sb SoCnSd Ind^^^^^ ^ ' " *° ''"^^"^ 

the flow Of buffer gas into the gas ceiui^^^^^^^^ 

Av^ater separator 510having an inlet port 5ll and f^tan^^^^^^^^ ^ P"""" ^""^ 

to the gas cell 454 sample gas inlet port 476 vfa a LctS,? orNARS:? °. 

a tubing section 531. Calibration valve 530 hIL ^,^1^ ™ "'""^ ^^''^ ^ ^"^ration valve 530 and 
first port 534 or a second port ^^''^'^ '"^y ''^ selectively connected to a 

nuo^e^Z^al'e^fuoll^^^^ ~ P-Pared f.m poiytetra- 

rafiuoroeth^ene (Teflon.) and PeZra^DToxa; K^" oST'" 

of Toms River. New Jersey, produces tubinq from the °T f ^^'""^ ^"'^ 

trusk,n.thethermop.asticLm^convert^d'tJ^^^^^^^^ 

h.ahighcapac.yforabso.ingandde3orbin7:a^r~ 



-(CF2-CF2) CF-CF2-(CF2-CF2) 



6-10 



I 6-10 
0 

(CF2'-CFO)-CF2-CF2-S03H 



be selectively connected to a first port 554 or a sea,nd port 556 °" "^^^ 

through a vira^rcteSa, filtersSw thro:gh the ^^^^^^^ r'^"^*^ ^^'""'^ 

to a coil input port 592 and a coil outout oort .^<L tk V 1^ ^ measured by a flow sensor 596 attached 

510 second outlet port 516 v^i pure re^^^^^^ 

the second port 55';of purge vXT5;tr;e"?;o'u^^.^^^^^^^^^^^^ 

a^orvar-arharciT^^^^^^ 

port 726. An air inlet 730 is conne'ctedtot^Tft port 724^^^^^^^^^^^^ '° ' °^ ^ ^^"^ 

valve 720 is connected to the first port 534 of the ^mILk^ . ^ P""* ^^2 of the argon 

and a caiibrBtion restrictor 7^ X, aTinlt^/2oon ^n^^^n "° ^'^ ^ '"'^^ ^" ^^^t^ctor ?42 

and the calibration restrictorm^ia a f ° ^ intermediate the argon restrictor 742 

454Ss:e;tTarist:^^^^^^^^ 

Whereupon the maMf.ow%pproximat2y%S;ro;L^r^^^^^^^^^^ 
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calibration valve 530 into the gas ceil 454. The gas sample exits the gas cell 454 via the exhaust port 540, 
along with some buffer gas, and passes through the purge vaive 550, tubing coil 584, hydrophobic filter 586, 
pump 582 and viral/bacterial filter 590 to exit the system. A minor flow (approximately 10%) of the gas sample 
flows through the viral/bacterial filter 600 and purge restrictor 598 to join the major flow at the coil input port 
5 592. This minor flow prevents the water separator 510 from becoming clogged with condensed moisture. 

Figure 8 shows the gas flow through the argon gas calibration system during an argon gas background 
calibration operation where the gas cell 454 receives the argon gasf rom the argon tank 702 and argon regulator 
704. The argon gas is routed through the argon valve 720 from the second port 726 to the common port 722, 
and then flows through the filter 740, argon restrictor 742 and calibration restrictor 744 into the first port 534 
10 of the calibration valve 530. The argon regulator 704 deliveries argon gas under pressure. Excess argon gas 
flow is vented from the system via vent 750 to prevent air from mixing in with the argon gas sample and to 
avoid pressurizing the gas cell 454. The argon gas exits the common port 532 of the calibration valve 530 and 
flows into the gas cell 454 via the sample gas inlet port 476 and a filter 475. The argon gas exits the gas cell 
454 via the exhaust port 540, along with some buffer gas, and passes through the purge valve 550, tubing 
15 coil 584, hydrophobic filter 586, pump 582 and viral/bacterial filter 590 to exit the system. A minor flow of the 
gas sample continues to flow through the viral/bacterial filter 600 and purge restrictor 598 to Join the argon 
gas flow at the coil input port 592. 

While the gas cell 454 is filled with the argon gas, a calibration is performed to detemnine a background 
signal level in the absence of Raman scattering, as there is no Raman scattering from argon. 
20 Figure 9 shows the gas flow through the argon gas calibration system during a room air calibration oper- 

ation where the gas cell 454 receives air from the room to calibrate the system for Nitrogen and Oxygen con- 
centration measurements. The major flow of room air enters the system through air inlet 750 and filter 754. A 
minor flow of room air enters the system through the air input 730 and joins with the major flow after passing 
through filter 732, the argon valve 720, filter 740 and argon restrictor 742. After joining, the room air flows 
25 through the calibration restrictor 744 into the first port 534 of the calibration valve 530. The room air exits the 
common port 532 of the calibration valve 530 and flows into the gas cell 454 via the sample gas inlet port 476 
and a filter 475. The room air exits the gas cell 454 via the exhaust port 540, along with some buffer gas, and 
passes through the tubing coil 584, hydrophobic filter 586, pump 582 and viral/bacterial filter 590 to exit the 
system. A minor flow of the gas sample continues to flow through the viral/bacterial filter 600 and purge re- 
30 stricter 598 to join the room air flow at the coil input port 592. 

While the gas cell 454 is filled with the room air, a Nitrogen/Oxygen calibration is performed. Since the 
concentrations of Nitrogen and Oxygen in air are constant, room air can be used to check and calibrate the 
system for measurements of these two gases. 

Figure 1 0 shows the gas flow through the beam blocker calibration system in normal operation where the 
35 gas cell 454 receives the gas sample from the inlet port 512. The gas sample flows through the water separator 
510, whereupon the major flow (approximately 90%) of the sample goes through the NAFION tubing 520 and 
the calibration valve 530 into the gas cell 454. The gas sample exits the gas cell 454 via the exhaust port 540, 
along with some buffer gas, and passes through the tubing coil 584, hydrophobic filter 586, pump 582 and 
viral/bacterial filter 590 to exit the system. A minor flow (approximately 10%) of the gas sample flows through 
40 the viral/bacterial filter 600 and purge restrictor 598 to join the major flow at the coil input port 592. This minor 
flow prevents the water separator 510 from becoming dogged with condensed moisture. 

Figure 1 1 shows the gas flow through the beam blocker calibration system during a purge cycle of the water 
trap 51 0. One type of watertrap 51 0 comprises a collector cup 51 1 and a hydrophobic membrane filter cartridge 
51 3. As water accumulates in the water separator 51 0, it may be necessary for the operator to periodically emp- 
45 ty the collector cup 511. It may also be necessary to periodically purge the hydrophobic membrane filter car- 
tridge 513 to allow for unrestricted flow. This is accomplished by routing the gas sample flow from the inlet 
port 512 through the water separator 51 0 and out of the separator via the second outlet port 516. The purging 
gas then flows through the viral/bacterial filter 600 and purge valve 550 to the input port 592 of coil 584. A 
minor flow of the purge gas bypasses the purge valve 550 and flows through the purge restrictor 598 to join 
so the major flow at the coil input port 592. The purge gas then passes through the tubing coil 584, hydrophobic 
filter 586, pump 582 and viral/bacterial filter 590 to exit the system. During the purge cycle, the gas cell 454 
is also purged with buffer gas. Buffer gas enters the gas cell 454 through the buffer gas inlet ports 470, 474 
via filters 500a, 500b, 500c and 500d and needle valves 506a and 506b. Gas contained in the gas cell 454. 
gas outlet ports 478 and 480, common exhaust port 540, purge valve 550, filter 555 and interconnecting tubing 
55 including tubing section 560 is drawn out of the gas cell 454 through the gas inlet port 476. It then flows to the 
outlet port 514 of the water separator 510 via tubing section 531, calibration valve 530, and NAFION tubing 
520. At the water separator 510, the purged gases from the gas cell 454 flow backwards through the hydro- 
phobic membrane filter cartridge 513, Join with the gases coming from sample inlet 512 and exit the system 
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(24) and prevents said light from circulating within said cavity (24). 

3. A spectrometer as claimed in Claim 2 characterised in that said resonant cavity (24) further comprises 
first and second end reflectors (26, 30) and wherein said further blocking device (380) Is arranged to In- 
tercept said light prior to reaching one of said first and second end reflectors (26, 30). 

4. A spectrometer as daimed In any one of Claims 1 to 3 characterised in that said light source further com- 
prises a plasma tube (22). 

5. A spectrometer as claimed in any one of Claims 1 to 4 characterised in that said resonant cavity (24) fur- 
ther comprises a gas sample region (54) for containing a gas sample within said resonant cavity (24). 

6. A spectrometer as claimed in any one of Claims 1 to 5 characterised in that the spectrometer is a Raman 
spectrometer. 

7. A method of calibrating an electromagnetic spectrometer having an electromagnetic resonant cavity com- 
prising the steps of: 

altering the electromagnetic characteristics of said resonant cavity so that it is substantially nonresonant; 
and 

deriving a background signal level from said substantially nonresonant cavity. 

8. A method as claimed in Claim 7 characterised In that the step of altering the electromagnetic character- 
istics of said resonant cavity includes the step of substantially eliminating the production of predetermined 
spectnascopy signals, leaving only background and/or noise signals. 

9. A method as claimed in Claim 7 or 8 characterised in that said step of altering the electromagnetic char- 
acteristics of said resonant cavity further includes the step of reflecting electromagnetic signals. 

10. A method as daimed in Claim 7 or 8 characterised in that said step of altering the electromagnetic char- 
acteristics of said resonant cavity further includes the step of absorbing electromagnetic signals. 

11. A method as claimed in Claim 7 or 8 characterised in that said step of altering the electromagnetic char- 
acteristics of said resonant cavity further includes the step of diffracting electromagnetic signals. 

12. A method as claimed in Claim 7 or 8 characterised in that said step of altering the electromagnetic char- 
acteristics of said resonant cavity further includes the step of refracting electromagnetic signals. 
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FIG. 7 
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FIG. 10 
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FIG. II 
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